INTRODUCTION
The nests of social insects harbor a wide variety of arthropods (107) , the most numerous and least studied of which are the mites (Acari). The effects of acarine parasites (Varroa jacobsoni, Acarapis woodi) on honey bees (11) are causing concern, and the ecology of social insects and potential coevolution between hosts and parasites are topics of particular interest. Therefore, a review of the known acarine-social insect associations is timely. Previous reviews of arthropods associated with social insects (55, 107) gave little attention to mites. Recent articles in the Annual Review of Entomology on two suborders of mites, the Mesostigmata (44) and Astigmata (72) , present some information on social insect associates. In this chapter I provide the first review of the diversity and biology of all mites associated with all taxa of social insects.
Early studies of mites associated with social insects were principally taxonomic and limited to descriptions of species. Only a few taxonomic revisions of mite genera pertain to social insect associates, and the generic status of species named in the older literature often cannot be determined without recourse to examination of the original specimens. This review represents my best effort to place the important associates into currently accepted families [as presented by Johnston, Kethley, and OConnor in Parker (74) ] and genera. Important associates are those that depend exclusively or largely on nourishment provided by social insects or their nests.
I first review the acarine associates of social insects. I then discuss how these mites obtain food, the adaptations necessary to establish important relationships with social insects, their effect on the ecology of their hosts, and the evolutionary origins of the important associates.
ACARINE-SOCIAL INSECT INTERACTIONS Host Taxa
Eusocial behavior has evolved in four groups of Hymenoptera and in the Isoptera (07). Each presents a different set of ecological demands upon potential acarine associates.
VESPIDAE
Social wasps belong to the Polistinae (paper wasps) and Vespi nae (yellow jackets and hornets). Nests are made principally of chewed plant fibers (carton), and larvae are reared in individual cells and progressively provisioned with chewed arthropod prey. Mites are uncommon in vespid nests, according to a few palearctic studies (97) . They occur most often in subterranean yellow jacket nests, where they are predominantly facultative scavengcrs and predators that occur in the debris separate from the brood cells. At most, 3% of yellow jackets bear phoretic mites (103) . Only three acarine genera consist of obligate vespiphiles, and two other genera contain important facultative associates.
APOIDEA
Eusocial behavior has evolved in three families of bees (70) . Each of the five social lineages exhibits a largely nonoveriapping complex of melittophiles, reflecting their different social behaviors and nest ecologies.
In the sweat bees (Halictidae), primitively social species are closely related to solitary species. Sweat bees excavate burrows in the soil (occasionally in rotten wood) and mass-provision their cells. Melittophiles have been ex amined in nests of most social genera of sweat bees in North and Central America, and the ecology of the common mites is known (21) . Six mite genera contain obligate associates of social halictines, and two other genera contain important facultative associates. Species in all these genera also occur in nests of solitary halictines.
Primitive eusocial behavior has evolved in the Old World aUodapine carpenter bees (Anthophoridae: Xylocopinae). These bees excavate burrows in the pith of stems and progressively provision their larvae in a collective cell. There are no taxonomic accounts of mitcs associated with allodapine carpenter bees, although astigmatid mites do inhabit their nests (80) .
Most bumble bees (Apidae: Bombinae) have small annual colonies. Larvae are reared collectively in wax cells to which provisions are intermittently added, and cell clusters are enclosed in cavities, typically underground rodent nests. Melittophilous mites associated with bumble bees are well known both systematically and ecologically (1, 7, 45) . Most of the mites in bumble bee nests are scavengers and predators that are not associated with the brood cells, and they include many facultative visitors from the surrounding soil. Of the 39 acarine species recorded from Michigan bumble bee nests, only 12 could be considered important associates (45). Eight genera of melittophiles contain species obligatorily associated with Bombinae, and four other genera contain important facultative associates.
The tropical stingless bees (Apidae: Meliponinae) have large, advanced, perennial colonies that are founded by swarming. Brood cells built of wax and resin are mass-provisioned, pollen and honey are stored in separate pots, and combs are usually protected in a cavity. Mites associated with stingless bees have been sporadically examined in the neotropics and to a much lesser extent in the Old World (22) . There are only incidental observations concerning their ecology. Despite the few collections, meliponine nests are known to contain an abundant and unique fauna of mites; 28 genera contain obligatory associ ates. These melittophiles are the subject of continuing studies by Delfinado Baker and her colleagues (e. g. 15) .
The honey bees (Apidae: Apinae: Apis spp.), like the stingless bees, live in advanced perennial societies that are founded by swarming. The wax combs may or may not be enclosed in a cavity and the larvae are fed progressively, with pollen and nectar stored in separate cells. The genus was originally restricted to the Old World, but the domestic honey bee, A. mellifera, has been transported throughout the world. The mites associated with the domes tic honey bee are the best known of all social insect associates, and recent reviews (11, 22, 23) should be consulted for studies on these melittophiles. The mites associated with other species of Apis arc thc objects of current study, especially by Delfinado-Baker, and new species continue to be dis covered (e.g. 13). Most mites occurring in honey bee nests are facultative visitors, and the obligatory associates (species in six genera) are a small fraction of those recorded from similar colonies of stingless bees.
FORMICIDAE
Most ants excavate nests in soil or rotten wood or use pre existing cavities; some ants construct carton nests or live inside plants. Larvae are reared collectively in unlined chambers and are fed progressively, mostly with arthropod prey and honeydew, although some ants grow fungus or store seeds. Colonies are perennial amI are founded by winged gynes, although colony fission is also important in some ants.
Early taxonomic studies of myrmecophilous mites in the Pale arctic (e.g. 3) complemented biological observations by Janet (48-50), Michael (69), Was mann (105) , and Donisthorpe (17) . More recently, Bernard (4) listed 53 mesostigmatid sp ecies associated with European ants. In Finland, 48 species of Mesostigmata (excluding Gamasina) occur in ant nests (59). In Poland, 52 mite species occur in Camponotus herculeanus nests (53) and 108 species occur in nests of Formica rufa and F. polyctena (54, 108, 109) . About 79% of the species associated with Formica are facultative associates, many of them oribatids, which are not further discussed in this review. In general, Acari are more diverse and include more obligate myrmecophiles in association with ant species that form larger colonies (Lasius, Formica, Tetramorium); nests of Lasius have the most host-specific myrmecophiles (59). Studies of myr mecophiles in other continents have lagged behind the European studies and consist primarily of taxonomic descriptions. There have been no com prehensive studies of Nearctic myrmecophilous mites and few biological observations. Excluding army ant myrmecophiles, species in 49 genera are obligate myrmecophiles worldwide, and important facultative myrmecophiles occur in at least 11 other genera.
Army ants (Ecitonini in the Neotropics and Dorylini in the Pa1eotropics) have no fixed nest sites and reproduce solely by colony fission. Myrmeco philes of Ecitonini were extensively collected (8000 specimens) by Retten meyer (81, 82) , who noted that the ratio of individuals of myrmecophilous mites to those of myrmecophilous insects was about 2 to 1, exceeding 100 to 1 in some army ant colonies. Most of these mites have been described (9, 25-29, 56, 65-68, 86) ; they represent a remarkable fauna, consisting of 126 described species in 33 genera. Twenty-one of these genera are known only from army ants, and at least nine mesostigmatid species have yet to be described. However, many of the astigmatid phoretic deutonymphs may be primarily associated with prey of the ants (B. OConnor, personal communica tion).
ISOPTERA
Termites also excavate and construct nests in soil or wood. The adults and nymphs do not occupy separate chambers and they exchange food by trophallaxis. Nests are perennial and are usually founded by pairs of winged reproductives. Termitophilous mites have been rarely described, despite their abundance (34, 96) . The most comprehensive systematic studies are of African termitophiles by Silvestri (95) and Chinese termitophiles by Samsiiiak (87) (88) (89) . Species in 20 genera appear to be obligate termitophiles, with important facultative associates in four other genera.
Associated Mites

ASTIGMATA
Among the Acari, astigmatid mites are unusual because they are nonpredators that specialize in the exploitation of nutrient-rich temporary habitats, especially the nests of insects and vertebrates. The facultative de velopment of a specialized nonfeeding deutonymph C" hypopus" in the older literature) enables them to locate and attach to phoretic hosts. Those astigma tid mites associated with social insects have deutonymphs equipped with sucker-like setal sockets on the venter of their bodies (72) . Production of deutonymphs is typically synchronized with the emergence of host gynes (future reproductives), to which the mites attach, thereby infesting new host colonies. The phylogeny of the insect-associated Astigmata has been the subject of intensive studies by OConnor (71) (72) (73) . Astigmatids (especially Acaridae) are typically the most abundant mites in nests of social insects.
Histiostomatid ( = anoetid) mites are unusual because their chelicerae are modified for filter feeding; they inhabit surfaces with liquid films from which they obtain microorganisms. Species of Anoetus occur commonly in nests of soil-dwelling bees, especially solitary and social halictines; infestations in nests of social Dialictus lineatulus approach 100% (G. Eickwort, in prepara tion). The mites develop within the closed cells, sweeping the surfaces of the provision masses and developing brood. Development of deutonymphs is synchronized with the emergence of the adult hosts, on which they are phoretic (21) . Histiostomatids, mostly species of the catchall genus H istiosto ma, also occur in nests of bumble bees, honey bees, ants, and termites, where they do not occur on the brood. Histiostoma fuliginosi may be the most abundant mite in nests of Lasius (93), and Histiostoma are apparently also abundant in termite nests, based on infestation rates in laboratory colonies (77) . One of the few vespiphiles, Myianeotus vesparum, occurs in the refuse areas of yellow jacket nests and is phoretic on Fannia flies that also develop there. They do not enter the cells of the nests and do not actually interact with the wasps (90) . Two other genera are known only from deutonymphs on army ants (67) .
Other astigmatid mites in social insect nests are scavengers, feeding on fungus-infected debris, dead insects, and sometimes provisions. Several genera, espccially Schwiebea, Tyrophagus, Tyrolichus, Acarus (Acaridae), Suidasia (Suidasiidae), Carpoglyphus (Carpoglyphidae), and Glycyphagus (Glycyphagidae), have become cosmopolitan stored-product pests that are often facultatively very abundant in honey bee, termite, and wasp nests (22, 23) . Sancassania (Acaridae) includes species that occur in sweat bee, honey bee, bumble bee, and ant nests as well as in many other habitats; in sweat bee nests they consume moldy provision masses and dead brood (21) . Cosmo glyphus (Acaridae) include both myrmecophilous and termitophilous species and are also known from grains, soil, and decaying organic matter (71) . Species of Cosmoglyphus are especially abundant in t e rmite nests (63, 87). The only known obligate vespiphiles are astigmatids: Medeus (Acaridae) and Neottiglyphus (Winterschmidtiidae), described from adults in a vespine nest (104) ; and Sphexicozela (Winterschmidtiidae), described from deutonymphs on polistine wasps (64, 71) .
Two lineages of Acaridae have diversified with different social insects (71, 72) . The Forcelliniinae have diversified with ants. Forcellinia are among the most abundant inhabitants of ant nests (17, 31, 93, 99) and can secondarily invade honey bee hives (14) ; they consume dead ants and other insect remains (105) . Species of Garsaultia may also be abundant in European ant nests (99) , and Mycetoglyphus and Froriepia are widely distributed (71) . Eight other genera of Forcelliniinae are known only from deutonymphs on ants. Doryla carus, described from deutonymphs on army ants (68), have been found in nests of the termite Velocitermes (B. OConnor, personal communication), and two other genera are known only from deutonymphs on termites (71). The Horstiinae (previously Tyrophaginae) are all associated with bees (72, 73) . Species in the most primitive genus, Kuzinia, are the most abundant mites in bumble bee nests. According to Chmielewski (6, 7), K. laevis feeds on pollen, honey, organic refuse, and cocoon substances. Massive numbers of the deutonymphs develop at the end of the colony cycle, and queen bees bear an average of 200 mites with a maximum of over 1000. Two other horstiine genera are known only from deutonymphs on halictid bees (73) . Species in the related family Gaudiellidae are all mellitophiles of apid bees (73) . Cerophagus occurs with bumble bees (32); five other genera are known only from stingless bees (22, 73) .
PROSTIGMATA
The suborder Pro stigmata contains a diversity of both mites and lifestyles. About 7% of the species are free-living predators, while nearly 47% are parasites or parasitoids of other arthropods LKethley in (74)]. Preda tors occasionally invade nests but rarely form important associations. Fungivorous Proctotydeus and Melissotydeus (Tydeidae) are abundant in stingless bee nests (22) . Proctotydeus therapeutikos develops in brood cells of Trigona postica and deters fungus infestation (33) .
The majority of the prostigmatid social insect associates are in the Hetero stigmata. These fungivorous or parasitic mites are characterized by a reduced life cycle consisting of egg, larva, and adult. Frequently phoretic, the adult females grasp host setae with enlarged foretarsal claws.
Trochometridium is currently placed in its own family near the base of the Heterostigmata (61). The widespread T. tribulatum is found in the nests of various insects, including social halictids (0), and is a fungus feeder that transmits fungal spores in sporothecae. Circumstantial evidence suggests that the phoretic female mite enters a cell during provisioning, it kills the host egg or larva, and then it and its young feed on the fungi infesting the dead brood and provisions (60). Species of the Pyemotes ventricosus complex (Pyemoti dae) are polyphagous ectoparasites of immature insects that can destroy colonies of honey bees, ants, and termites. They have been investigated as potential biological control agents of fire ants (5, 22, 34). They are not phoretic and their presence in nests is facultative.
The closely related families Microdispidae, Pygmephoridae, and Scutacar idae (Pygmephoroidea) are fungus-feeding heterostigmatid mites that are among the most frequent and diverse associates of social insects, second only to the Astigmata in numbers of individuals. The Microdispidae include a few termitophilous and temperate zone myrmecophilous species in three genera; five other genera are associated with army ants (9, 65) . The most ex traordinary of the latter is Perperipes, whose species have a greatly elongate gnathosoma, reduced chelicerae, and palpi fitted for piercing. The gravid female is elongate and pseudo segmented and occurs with the ant larvae, which it resembles; it is probably a parasite or predator of ant eggs or young larvae. The non-gravid female is phoretic on worker ants. Glyphidomastax also have sharp, long palpi and could be similarly parasitic or predaceous on army ants (9); these two genera are believed to be the only pygmephoroid social insect associates that have evolved a life style other than fungivory.
The Pygmephoridae include two genera (Bakerdania, Parapygmephorus s.s.) with broad host ranges that include ants and termites (9) . Species of Parapygmephorus (Sicilipes) are primarily associated with solitary and social halictid bees. The life cycle is closely correlated with that of the host; phoretic mites detach when the hosts oviposit, but development is delayed until the bee larvae defecate, as the mites apparently feed on fungi infesting the feces (79) . Petalomium includes numerous species that are associated with a wide diver sity of ants, although they occasionally occur in other habitats (9) . Petalo mium Jimbrisetum, associated with Lasius, has been reared in the laboratory on a fungal diet (20) . Species of Acinogaster are known only from Old and New World army ants (86) .
The Scutacaridae include a vast array of myrmecophilous species and genera, with a lesser number of termitophiles and melitophiles. Imparipes and Scutacarus are the largest genera, with species associated with all groups of social insects. In Europe, Imparipes hystricinus occurs in large numbers in most ant nests as well as in the surrounding soil (51); it feeds on fungus that infests dead ants (19) . Imparipes apicola occurs in nests of diverse solitary bees as well as in nests of social halictines. Its life cycle is similar to that of Parapygmephorus, and it has been reared in the laboratory on fungi (21) . Numerous other species of Imparipes are associated with halictids (12). Scutacarus acarorum occurs abundantly on undcrground nesting bumble bees in Europe and North America, and it is also abundant in meadow soils. The mites have been reared on fungal mycelia. Over half of the overwintering queen bumble bees may bear phoretic females (91) . Thaumatopelvis and Lophodispus are mostly or exclusively myrmeeophilous (18) . Lophodispus latus females cling to the venter of the heads of worker Lasius niger, facing posteriorly; there is no evidence that they obtain food in this manner (58). Four other genera are known only from army ants.
Most Tarsonemidae are fungivorous, and these mites (Tarsonemus, Neotarsonemoides) occur facultatively in social insect nests and also phoreti cally on bees (61). The Aearapinae are insect parasites, and the genus Acarapis consists of honey bee parasites that live externally or inside the tracheal system (11, 22) . Acarapis woodi, the tracheal mite, is the cause of a significant disease of Apis mellifera.
The Podapolipidae are all insect parasites, most of them on beetles. Locus tacarus, whose other hosts are grasshoppers, include L. buchneri, the cosmo politan tracheal mite of bumble bees (46). Like A. woodi, it punctures the tracheae and sucks hemolymph, and it can cause severe injury to the bees. The larval female is inseminated by the nonfeeding adult male and is the only instar that leaves the tracheae and disperses to other bees; the adult female is a nearly legless parasite.
The Parasitengona encompass a wide variety of "red velvet mites" whose larvae are parasitic on vertebrates and insects, and whose later instars are free-living predators. Some of the more generalized insect parasitoids (es pecially the erythraeid Leptus) will attach to social insects, but there appear to be few that have formed obligatory associations with them. Forania (Erythraeidae) are known only from larvae that are parasitic on ants (106), and there is an unnamed trombidiid whose larvae are parasitic on the termite Nasutitermes (W. C. Welbourn, in preparation). Tenotrombicula minteri adults (Trombiculidae) are predators at the nest openings of African termites, and larvae of Eltonella celiae (probably the same species) occur within the nests (100, 101). Larvae of Dinothrombium (Trombidiidae), the giant red velvet mites of deserts, are parasites of grasshoppers. The adults emerge to the soil surface coincidentally with the nuptial flights of termites, and they feed exclusively on dealated termites (98).
MESO STIGMATA
The suborder Mesostigmata consists primarily of free living predators; diverse groups have evolved specific associations with in sects and other arthropods (44). Many free-living mesostigmatids facultative ly invade nests of all social insects from the surrounding soil and may become abundant, feeding on the saprophagous mites, other arthropods, fungi, or even provisions.
The Parasitidae include a diversity of free-living and arthropod-associated predators, including one species (Parasitus vesparum) that may invade un derground vespine nests in late summer and feed on fly maggots infesting the debris; it is not phoretic on wasps (103) and is apparently a facultative vespiphile. Species of Parasitellus (previously Parasitus) commonly occur in bumble bee nests (96% of nests in Canada); in laboratory studies they were shown to be predators that may also feed on provisions and wax (84) . The deutonymphs are phoretie on overwintering queens and infest 10-20% of queens in Denmark (92) .
Laelaptonyssus (Rhodaearidae) occur in termite nests where they ride on the heads of workers; their styliform chelicerae suggest specialized feeding habits and obligatory termitophily (35, 88) . Sphaerolaelaps holothyroides (Pachylaclapidac) is an obligate myrmecophile that moves among the workers in Lasius nests; Donisthorpe (17) hypothesized that it is fed by intercepting trophallaxis between hosts.
The less specialized Macrochelidae, Holostaspella and Macrocheles, are frequent facultative predators in nests of ants, termites, and apid bees. In bumble bee nests M. praedafimetorum feeds on nematodes and fly larvae (83) . Females of two species of Macrocheles associated with army ants cling by their mouthparts to ant arolia; the mite's hind legs grasp the substrate instead of the ant's claws (56, 81). Other genera of Macrochelidae are specialized mymecophiles on army ants and melittophiles on stingless bees (56, 57).
The Ascidae contain many predators that inhabit vegetation. Proctolaelaps include some species that inhabit flowers and are phoretic on birds and insects; P. longisetosus and P. bombophilus occur in bumble bee nests, and their stout edentate chelicerae suggest that they feed on pollen instead of being predaceous (62). Neocypholaelaps (Ameroseiidae) and related genera are pollen feeders in Old World flowers, and adult females are phoretic on various insects. They may incidentally invade colonies of honey bees and stingless bees, where they may develop large populations that feed on the stored pollen (22, 23) . N. phooni is known only from nests of stingless bees and has morphological features that suggest an obligatory association (2, 15).
Extensive radiations into parasitism on both vertebrates and invertebrates have occurred within the Dermanyssoidea, which originated as free-living predators in the Laelapidae. Adult females arc the phoretic instars of the insect-associated Dermanyssoidea. Most of the insect associates are placed in the Hypoaspidinae, a catchall subfamily of the Laelapidae, which also in cludes the free-living predators. Generic limits are poorly established, and many of the taxa that are considered genera here could be placed as subgenera of Hypoaspis (30). Cosmolaelaps and Gymnolaelaps (40) are free-living predators in the soil that may invade ant and termite nests and establish large populations, especially of C. cuneifer and G. myrmecophila in nests of various ants in Europe (17, 48, 59). The mites generally avoid the ants, although Aphaenogaster has been observed to pick up and carry G. myrmecophila when the nest is disturbed. G. myrmecophila is a predator on astigmatid mites in the nest and may also feed on dead insects; the latter food has also been demonstrated for C. cuneifer (17, 48, 69) . Species of Laelaspis are numerous and diverse in ant nests (38, 41), although some species also occur outside of the nests, in the soil, or even in association with beetles and vertebrate nests. Laelaspis vitzthumi, a com mon mite in the US, feeds on crushed insects in laboratory cultures (39).
Laelaspis equitans in nests of Tetramorium in Europe frequently rides on the heads of ants (17, 69) . H olostaspis is a myrmecophilous genus whose species have short edentate chelicerae (30); Holostaspis oophila occurs in large numbers on the eggs and young larvae of Formica; it seems to acquire nourishment from the surface ("salivary secretions"?) rather than by punctur ing the eggs themselves or otherwise killing the brood (17, 48, 105) . Species of Myrmozercon (=Myrmonyssus) are myrmecophilous (although one species was found in a termite nest) and also have modified chelicerae (42, 85); their biology in ant nests is unknown. Species of Urozercon occur commonly in tropical termite nests (95, 96) and have been observed riding on termites and stealing food during trophallaxis. One species of Urozercon was described from a stingless bee nest. Five other poorly known laelapid genera were described from ant nests, as was one genus from termite nests.
Laelaspoides occur in nests of social sweat bees, where they eat pollen (21) . Species of Pneumolaelaps are abundant in bumble bee nests; nearly all nests in Michigan have them (43). The mites h 'a ve been observed to feed on injured bees and on acarids (8), but they also have been hypothesized to feed on provisions (43). Nine genera of Laelapidae occur only in stingless bee nests (15, 22) ; their biologies are little known. Neohypoaspis ampliseta is abundant in the outer regions of meliponine nests and is a predator on astigmatids (16) .
One rarely collected specialized laelapid in honey bee nests, Melittiphis alvearius, is believed to be a predator. Species of Tropilaelaps are parasites of honey bee brood and serious pests of European honey bees in the Old World (11, 22) . Adult females of Tropilaelaps are phoretic on adult bees but do not feed on them. Three highly modified species, Euvarroa sinhai, Varroa jacobsoni, and V. underwoodi, are ectoparasites of Asian species of Apis. They have been placed in their own family, Varroidae, although they should perhaps be viewed as highly modified Laelapidae (11, 13, 22) . These mites are principally parasites of drone brood and are phoretic on adult bees. Varroa jacobsoni is a pest of its adopted host, A. mellifera, and has aroused nearly worldwide concern.
The tortoise mites (Uropodina) are typically slow-moving inhabitants of litter and similar habitats, in which they feed on fungus and are predators on slow-moving prey such as nematodes. Research on these common inhabitants of social insect nests has been hampered by conflicting taxonomic concepts at all levels; this review largely follows the taxonomy used in Lehtinen's (59) summary of the myrmecophilous uropodines. The Uropodidae and Polyaspi dae are characterized by the facultative or obligatory development of a phoretic form of deutonymph that attaches to arthropod hosts via a secreted "anal pedicel." These phoretic deutonymphs occur on all groups of social insects, including wasps, and result in the invasion of nests by numerous species that are otherwise found in diverse habitats. The Uropodina that inhabit ant nests are particularly diverse; Lehtinen (59) recorded 37 species in 19 genera in Finnish ant nests. Almost 7000 uropodines were recovered from less than 2 liters of a sample of a nest of Formica polyctena. Among Uropodina, important associations with social insects are largely confined to the Uropodidae and Trachyuropodidae and are known from ants, termites, and stingless bees, although facultative associations also occur with bumble bees, honey bees, and wasps. Phaulodinychus, Oodinychus, TremaTUrella, Prodinychus. Dinychus. lpiduropoda, and Uroseius are often common in ant nests, and their phoretic deutonymphs attach to emerging gynes. Obligatory myrmecophiles occur in Phaulodinychus and Oodinychus (59). Uroobovella contains common species in termite, ant, and bumble bee nests, including an obligatory myrmecophile (U. obovara) (I, 59, 78) . Surprisingly, phoretic deutonymphs of this genus do not attach to ants, although they do to termites.
The Trachyuropodidae consist of obligatory associates of social insects, mostly of ants but also of termites and stingless bees. The mites occur in direct association with worker and larval ants and termites and often are on their bodies. Trachyuropoda, Urojanetia, Urotrachytes, Oplitis, and Urodis cella are common in holarctic ant nests; individual species typically are restricted to a narrow range of host species (36,37,59, 75). Species of Oplitis and Urodiscella often attach to the foretibial cumb (strigilis) of workers, from which they apparently obtain food from particles groomed by the ants (17, 75) . The other genera are often found in the galleries and especially on organic refuse. They may be licked by worker ants and termites (17) and may obtain food from the ant's anus or on the surfaces of larvae or cocoons (69, 75) . Despite their apparent obligatory association with ants and termites, these mites may be found in surrounding soil and, in the case of Trachyuropo da and its relatives, there is no evidence that they are phoretic.
A complex of five trachyuropodid genera are known almost exclusively from neotropical army ants (25-29). The adults attach to very specific loca tions on worker ants and have highly modified body forms for this purpose (24). Trichocylliba also contains the European species T. comata, which occurs principally in nests of Lasius (17, 49). Mites of this species frequently attach to ant larvae and to workers, on which they attach symmetrically to the abdomen. Their food is unknown; they do not appear to be parasites (24).
Trigynaspids are typically large mites that are associated with a variety of arthropods and occasionally reptiles. Seven genera, including all members of the superfamilies Aenictequoidea and Antennophoroidea, are myrmecophiles (52), and two genera contain associates of stingless bees (22) . The biology of most social insect associates is poorly known. The exception is An tennophorus (Antennophoridae), found in nests of Lasius and occasionally in nests of other ants (17, 50) . The mites clasp the venter of the heads of worker ants, with their forelegs directed towards the mouthparts. They obtain food by trophallaxis from the ants, apparently mimicking the ants' own food exchange cues. Additional mites attach symmetrically to the abdomen, where they presumably obtain food from other ants. Aenicteques chapmani (Aenic tequidae) and Messoracarus mirandus (Messoracaridae) also sit on or below the heads of worker ants, where they are palpated by the ant's antennae and may steal provisions from their hosts (47, 94).
Ecological Considerations
NUTRITIONAL RESOURCES
Saprophagy is the predominant mode of life among the obligate associates of all social insects, and is especially significant among the Astigmata, Heterostigmata, and Uropodina. Feces, organic debris, insect corpses, and the fungi and other microbes that infest a nest provide resources for these mites. The high concentration of such debris, its frequent location within the nest away from the brood cells, and the fact that the mites are commensalistic or even mutualistic so that their presence is not dis couraged by the host workers account for the abundance of saprophages.
Unusual saprophagous associations include the trachyuropodids (Oplitis, Urodiscella) that cling to the "antenna cleaners" on the forelegs of ants and apparently scavenge on debris combed by the ants and the trachyuropodids and Holostaspis in ant nests that appear to groom the surfaces of eggs and larvae. The histiostomatids sweep bacteria from the surfaces of brood and other substrates.
Predatory mites are the second largest ecological category of associates, with the Mesostigmata predominant. Thcsc mitcs usually prey on other associates of the insect colonies, especially saprophagous mites but also nematodes, Collembola, fly larvae, and other insects. The frequent high concentrations of such prey, especially in the debris areas of the nest, encourages this interaction.
Relatively few mites feed on the social insects themselves, either as parasites of any stage or predators of young brood, despite the concentrated nutritional resource. Acurapis and Locustacarus are the only known obligate parasites of adult social bees. The only apparent obligate parasites or preda tors of adult ants and termites are Parasitengona, and perhaps Macrocheles and other mesostigmatids on army ants. The numerous other mites that occur on the bodies of adult social insects all appear to be phoretic, scavengers, or cleptoparasites and do not obtain nourishment directly from their hosts (ex cept Varroa). Bee and wasp larvae in their cells also have few enemies; only Tropilaelaps, Varroa and Euvarroa on honey bees, and possibly Trochometridium on sweat bees, are known to prey upon brood. Only army ants among the Formicidae are known to have brood predators (Perperipes and perhaps Glyphidomastax and an unnamed mesostigmatid genus).
Likewise, few mites feed on provisions intended for the brood or adult colony members, even when these provisions consist of high concentrations of carbohydrates and proteins. Stored honey and pollen in bee nests is occasionally used by facultative associates, especially "stored-product" Astig mata and Neocypholaelaps. and apparently by some obligatory associated Astigmata (Kuzinia) and Mesostigmata (Laelaspoides, Proctolaelaps, and perhaps Parasitellus and Pneumolaelaps). Ants and termites, which do not store food but instead exchange it by trophallaxis, are also largely protected from cieptoparasites. Antennophorus and perhaps Sphaerolaelaps, Aenicte ques, and Messoracarus are the only mites known to steal food exchanged by ants, and Urozercon may play a similar role among termites.
CONSTRAINTS ON IMPORTANT ASSOCIATIONS
Many mites occur in cidentally in social insect nests; their principal habitat is outside of the nest. These mites include numerous taxa of soil-dwelling predators and fungus feeders. Something more than the ability to use the food available in a social insect nest characterizes those mites that have evolved important associations with these insects.
An obligatorily associated mite must have some means of locating the host or its nest. Usually the mite is phoretic on nest-founding gynes (or workers in the case of swarm-founding or colony-budding host species). Phoresy in volves a specialized instar that is capable of locating and attaching to the gynes before they leave the natal nest and that detaches from the gyne when a new nest or cell is initiated. Development of the mite must be synchronized with the host so that the phoretic instar is produced at the appropriate time in the colony cycle. This synchrony has been described for Astigmata and Heterostigmata that develop in cells of sweat bees (21) and for parasitid mites in bumble bee nests (92) . These phoretic instars are the most frequently described stages of Astigmata and Heterostigmata because they can be obtained from museum specimens of hosts, and are numerous on winged ant gynes where they have been sought (e.g. 102). The phoretic instar is resistant to adverse environmental conditions and to starvation (44), and it is the typical stage in which an obligate associate of a social insect with annual colonies survives the winter. With few exceptions, the evolution of a phoretic instar appears to be the most important prerequisite for obligatory association with social insects, and its absence in the Oribatei and many groups of Prostigmata may be the primary reason why these mites have not evolved important associations.
There are, however, some exceptions to the necessity of phoresy. Some of the more common laelapid and uropodine associates of ants are not known to be phoretic; they exist free-living in the surrounding soil and are able to locate ant nests and attain high population densities in them. The reliably high density of nests of common ant genera like Lasius may encourage this strategy. Other mites depend on synchronous emergence (like Di nothrombium which prey on desert termites), phoresy on other nest in habitants (like Myianoetus vespa rum on Fannia flies in vespine nests), or air-borne dispersal (like many "stored product" astigmatids in the nests of honey bees and wasps).
The mites must have some means of escaping or tolerating the hygienic and defensive behaviors of the host workers. The same Lasius ants that are predators of plant-feeding mites tolerate a wide variety of mites in their nests and on their bodies (93) . Those laelapid mites that occur on the bodies of worker termites and ants appear to be ignored by the insects, which is surprising in light of their frequent grooming. These mites, as well as those that dwell on the brood and move among the workers in the burrows, may chemically mimic their hosts or otherwise disguise their presence (44), but there are no experimental studies to demonstrate such mechanisms. Phoretic instars frequently attach to parts of the host insect that are relatively inaccessi ble to grooming, and the suckers or strong tarsal claws may make removal difficult. Selection should be strongest for workers to remove acarines that are true parasites. It is noteworthy that workers of Apis cerana, the normal host of Varroa jacobsoni, effectively groom mites from themselves and other work ers and open infested cells and remove the mites, whereas the newly exposed host A. mellifera lacks this behavior (76) . On the other hand, there should be little selection for workers to remove mites that infest debris in the nest, and predatory and saprophagous mites that occur in such areas do not have obvious mechanisms to avoid attack by their hosts.
EFFECTS OF MITES ON SOCIAL INSECTS
The vast majority of acarine species (and individuals) in most social insect nests are scavengers or preda tors on other arthropods and do not adversely affect the ecology of the hosts. Some mites do feed upon stored provisions in bee nests, but they do not appear to be a significant cause of colony failure (22, 23) . When very large numbers of saprophagous mites develop in a colony, the load of phoretic instars on individual workers (and presumably gynes) probably affects their mobility.
The possibility exists that some mites may be mutualistic and may have a beneficial effect from the host's viewpoint. Histiostomatid mites may remove potentially harmful bacteria from host bodies and provisions, and there is circumstantial evidence that solitary halictids have evolved special structures to carry the phoretic deutonymphs (21). The fungus-feeding astigmatids, tydeids, and pygmephoroids and the necrophagous mesostigmatids and aca rids may also serve a sanitary role (e.g. 33) . Tolerated Mesostigmata in nests of bumble bees, ants, and termites may play a beneficial role as predators of more noxious nest inhabitants, including fly larvae and nematodes. Bumble bee queens that carry Parasitellus have unusually low levels of infestation of parasitic nematodes, although this may be a simple case of seasonal coinci dence (92) . Except for the parasites Locustacarus, Acarapis, Varroa, and Tropilaelaps, there have been no studies to demonstrate the actual beneficial or harmful effect of mites on social insect ecology.
Evolutionary Considerations
Mites that are obligatorily associated with social insects have numerous independent evolutionary origins. The social wasps have the fewest such origins, perhaps as few as two or three in the Astigmata, despite the diversity of vespiphiles in nests of the related solitary Eumeninae (72) . Although acarologists have not closely examined the nests of tropical social wasps for mites, biologists would surely have noted mites if they were abundant. The lack of stored food in most nests, the suspension of most nests that removes them from soil-dwelling mites, and the absence of detritus and feces in all nests except those of subterranean yellow jackets may contribute to the dearth of mites (107) . Sweat bee colonies have few acarine lineages in comparison with bumble bees; this may be due to the small colony size and the restriction of provisions and feces to closed cells. Honey bees may have few associated lineages in comparison with other social apids because of the suspended brood combs, open cells during progressive provisioning and, in most species, lack of accumulated debris. The sparsity of known termite associates, on the other hand, may simply reflect the small number of studies.
The same lineages (Histiostomatidae, Acaridae, Pygmephoridae, Scutacar idae, Laelapidae, and Uropodina) have numerous obligate associations with ants, termites, and social bees. Indeed, the less host-restricted genera (His tiostoma, Sancassania, Cosmoglyphus, Parapygmephorus, Scutacarus, lm paripes, Holostaspella. Hypoaspis. and Cosmofaefaps) have species that occur in two or more of the host groups. Direct cross-contamination, with subsequent proliferation in nests of a secondary host, has undoubtedly oc curred with the ant-associated Forcellinia galleriella in hives of honey bees (31) and may account for records of typically termite-associated Urozercon and ant-associated Oplitis and Trachyuropoda in stingless bee nests, and possibly typically ant-associated Myrmozercon in termite nests.
The majority of more specialized genera of Astigmata, Heterostigmata, and Laelapidae, however, have evolved associations with just one lineage of social insects. This is true even among the social bees. Most of the genera of Acaridae and Laelapidae are restricted to either the sweat bees, stingless bees, or bumble bees. Despite the apparent similarity of food resources in the nests of all bees, only the least host-restricted mite genera, those with species that also occur outside of bee nests, are associated with two or more bee lineages. I believe that this specialization is due to the evolution of specific adaptations for phoresy and synchrony with the host's development, and perhaps avoid ance of host defenses, rather than the evolution of physiological mechanisms to process particular nutrients. Within a host lineage there is much less specificity. Generally, a mite species occurs in the nests of most or all of the congeneric host species within its range. This has been well documented for the species of Parasitellus and Pneumolaelaps associated with bumble bees (43, 92), and even the highly modified trachyuropodids that clasp the bodies of army ants are not entirely species-specific (25-29). Co-evolution in the strict sense of co-speciation of hosts and acarines has not occurred.
CONCLUSIONS
Despite the vast number of mite species that have been described from social insect nests, the study of social insect-mite interactions is still in its infancy. The mites that occur in nests of most tropical social insects remain totally unknown. The remarkable panopoly of mites that was described from the collections made by Rettenmeyer of associates of neotropical army ants should stimulate investigators to collect and observe the presumably equally diverse acarine fauna associated with dory line army ants, leafcutter ants and their fungus gardens, weaver ants, harvester ants, and all the advanced Termitidae with their immense, complicated nests.
Ecologists concerned about the factors that contribute to the relative suc cess of social insect colonies cannot afford to ignore the mites. With the exception of bumble bee, honey bee, and sweat bee associates, we have little knowledge of even the basic food sources for the common acarines. Our biological knowledge of the easily observed myrmecophiles is almost entirely based on primitive studies, over 50 years old, on a few Palearctic species. Such simple techniques as vital dying of suspected nutrients and tracing the dye in the mites' guts [pioneered by Janet (48-50)] would provide much valuable information today.
Finally, further study is hampered by the absence of taxonomic aids to identify the ,mites, even to genus, and the critical need for revisionary and phylogenetic studies to stabilize the nomenclature and to understand the evolution of these fascinating symbionts.
